Due to the massive earthquakes and tsunami on March 11th, 2011 in Eastern Japan, Fukushima Daiichi nuclear power plant was severely damaged and some reactors were exploded. Then radioactive particles were widely spread out. In this study, we modified the stable isotope module of RSM (IsoRSM, Yoshimura et al.) to enable to simulate the transport of the radioactive tracers, namely iodine 131 and cesium 137, by including the dry and wet deposition processes. The control experiment with 10km resolution and the emission estimated by Chino et al. (2011) showed reasonable temporal results for Toukatsu area (eastern part of Tokyo metropolis and western part of Chiba prefecture), i.e., on March 22th, the tracers from Fukushima was reached and precipitated in a significant amount as wet deposition. Thus, we conducted 4 experimental simulations to analyze the uncertainty due to different meteorological patterns and different parameters for wet and dry deposition and diffusion. Though the temporal patterns of deposition of radioactive particles were moderately similar each other in all experiments, we revealed that the deposition parameters and boundary conditions can cause the uncertainties largely in the distribution of deposition.
INTRODUCTION
On March 11th, 2011, Fukushima Daiichi Nuclear Power Plant was damaged severely because of the massive earthquake in Eastern Japan, and then huge amount of radioactive materials was spread out in the air 1) . The radioactive particles were distributed widely, not only in Fukushima prefecture but also in other east area in Japan. Therefore, the observation of their distribution and the survey for health damage have been urgently needed. According to the research which has already progressed, high concentration of iodine was detected from the result of water sampling in Edogawa-river, Arakawa-river and Tamagawariver 2) . Moreover, the release amount of the materials was estimated by inversion method 1), 3) . One of the important methods which simulates the distribution of radioactive materials is the atmospheric simulation with advection-diffusion in the air.
The materials spreading in the atmosphere are distributed by advection-diffusion, and then deposited on the land or the ocean. These materials are deposited directly or with precipitation. Hence, development of high accurate atmospheric advection-diffusion simulation models of radioactive particles is required to show the amount of deposition and the pollution. SPEEDI (System for Prediction of Environment Emergency Dose Information), which is developed by JAEA (Japan Atomic Energy Agency), and the global version of this, WSPEEDI, are used for the prediction of concentration of radioactive materials in emergency by the simulation assuming the past accidents 4) . The deposition amount of 137 Cs in soil was calculated in each prefecture in Japan by Yasunari et al 5) . The result showed the effect of topography and high concentration in the east area though the real distribution was more variable than their results because of the complexities of meteorological field which could not be completely shown by the model. However, the atmospheric simulation of radioactive materials by numerical models has uncertainties, which disrupt accurate simulations. Therefore, to enable the highly accurate simulations, it is necessary to demonstrate how the uncertainties are caused.
Uncertainties in atmospheric advection-diffusion simulations have been studied. For instance, the deposition distribution of 131 
I and 137
Cs simulated by three dimensional chemical transport model was compared with observation data (Morino et al. 6) ). It was concluded that one of the causes of uncertainties is the accuracy of release amount data of radioactive materials. Nonetheless, there was a possibility that models' scheme is the source of the uncertainties.
Although the previous studies about uncertainties in the transport simulations of the radioactive materials are existed, like Morino et al. 6) , most of the simulation models are still investigational and release amount data used for simulations has room for improvement. Thus, simulation models and their uncertainties should be discussed more, and comparison among many kinds of models is necessary.
In this study, we simulated the advection-diffusion of radioactive materials in the air by using isotopic regional atmospheric model. Furthermore, we discussed the uncertainties in meteorological field and deposition processes to contribute advance of simulation models in the future.
METHODOLOGY (1) IsoRSM
We used IsoRSM, which was a regional version of IsoGSM 7) and isotope processes were incorporated into it. IsoRSM 8) was the model which water stable isotopes, HDO and H2 18 O, are incorporated into RSM 9) . RSM, Regional Spectral Model, was developed in National Centers for Environmental Prediction (NCEP) and in Scripps Institution of Oceanography as a numerical prediction model. It was demonstrated that this model simulated accurately the certain storm event in winter in California 8) .
In most cases, process of precipitation is introduced externally in chemical transport models. However, Using IsoRSM, it is simulated how tracers are contained in cloud particles or raindrops in the process which water vapor is condensed in the atmosphere and dropped on the land. These movements of tracers are calculated in time steps of the model quantitatively and explicitly. In addition, spectral nudging technique is applied for IsoRSM as setting atmospheric boundary condition. Compared to other regional atmospheric models without this technique, accuracy in the predicted meteorological field is higher because over 1000km waves in horizontal two dimensional scale are corrected in boundaries and even inside the domain. Cs were simulated. The process of dry deposition was based on the formula from Maryon et al. 10) (1).
Dry deposition is the process which substances in the air are directly deposited on the land, the ocean and plants, however dry deposition speed depends on the size of particles. In formula (1) ). In our simulation, the parameter Vd was calculated based on Maryon et al 10) . Vd of 131 I is 5e-3 (ocean) and 25e-3 (land), and that of 137 Cs is 1e-3 (ocean) and 5e-3 (land).
Regarding wet deposition, there had been previous studies, such as Maryon et al. 10) , however the following formula was applied in this study (2) .
Wet deposition is the process which materials deposited on the land, the ocean and plants included in precipitation. Technically, this can be separated into two types: the one is the process that particles are incorporated when water vapor is condensed, and the other one is the process that particles become the part of dropping rainfall or snow. Although the different parameters or formula can be used in each type, in this study, these two were calculated in one formula (2) . This expression indicates how much radioactive materials are incorporated in the liquid phase (or solid phase in the case of sub-zero temperatures) in response to the ratio of condensed water vapor against the amount of this in the air. P indicates the amount of condensed water and q is the water vapor. The difference between Maryon et al. 10) and ours is that radioactive materials are in proportion to P in Maryon et al. 10) , however this was in proportion to the P/q in ours. α is the wet deposition parameter and this shows how much particles can be incorporated into condensed water. This parameter, α, was changed in the sensitivity experiment.
In RSM, diffusion in a horizontal direction is expressed by decreasing in each time step the amplitude of waves of high-frequency component in each physical amount. It means that spatial distribution in small scale is smoothened. Experimental value, which is for realizing stable simulation, is applied for the ratio of decreased amplitude; however this ratio, or the degree of diffusion, is based on the DC (Decay Coefficient) which is different among parameters 9) . In this study, DC of 131 I and 137 Cs was changed for analyzing the effect to results. If DC is decreased, the ratio of diminution of amplitude is increased, namely the diffusion is increased.
(3) Control simulation
Firstly control experiment was conducted by IsoRSM with radioactive materials transport process. The simulation domain size was 161×200 grid, covered the area, at latitude 28.3°-46.7° north and longitude 132.7°-151.5° east. The horizontal resolution was 10km. NCEP/DOE reanalysis data was used for atmospheric boundary condition. RAS deep convection scheme 11) and nonlocal process 12) are adopted for main physical scheme in the model. Cs is from the data estimated by Chino et al 1) . In our simulation, the radioactive materials are released from the ground in the domain where the area located at latitude 37.34 north and longitude 140.9 east is included. In our simulation, released particles are assumed as flux from the ground and the transport process in the vertical direction is based on the turbulent process from Hong and Pan 12) . Momentum caused from explosion in the nuclear power plant was ignored in the simulation. As wet deposition coefficient α was 1 for both 131 
I and 137
Cs, and dry deposition speed Vd was adopted from Maryon et al 10) . Simulation period was 384hours, from 0:00 March 12th to 0:00 March 28th in 2011. Fig. 1 shows the simulation domain and altitude, and 
(4) Sensitivity Experiments
In this study, we analyzed the uncertainties caused in the atmospheric diffusion simulation of radioactive materials using IsoRSM. First, the experiment whose domain was 81×87, smaller than the control experiment whose domain was 161×200, was conducted to analyze how uncertainties in meteorological field would affect the diffusion process of radioactive materials. The resolution was 10km.
Second, we changed the parameters of deposition and diffusion process as shown in Table 1 and compared each result. This stage was for analyzing the effect of uncertainties in the process of the tracer transport. "CTL" in Table 1 is the name of the control experiment. The results from each experiment were compared and their differences were discussed. The domain size of SMLD shown in Table 1 was 81×87, and that of the others was 161×200. Fig. 3 and Fig. 4 show every 6 hours distribution of wind and precipitation from the result of the control simulation and from radar AMeDAS on March 22th, in 2011. The pictures of radar AMeDAS and GPV were quoted from the Tohoku Earthquake Archive 13) . The result showed the distribution of precipitation in middle area gradually moved to the Pacific Ocean and this distribution also appeared in Japan Sea at 18:00. This time series variation was well corresponded to the observation. The result also demonstrated the wind its speed was over 6 m/s in northern Pacific Ocean and Japan Sea became dominant. amount during the simulation period. In Fig. 5 , the deposition amount increased between 21th and 22th. This can be estimated that wet deposition amount increased because of rain during the period. This means the simulated deposition amount corresponds with the meteorological change. Fig. 6 and Fig.7 are the , the peak point of the deposition was well simulated; however the distribution was spread widely because of the high diffusion.
THE RESULTS OF CONTROL SIMULA-TION (1) Meteorology

UNCERTAINTIES IN SIMULATIONS (1) Uncertainties in meteorology
In this section, we analyzed uncertainties in meteorological field and its effect to the transport simulation of radioactive materials. The uncertainties in meteorological field can be caused by the reanalysis data and other various aspects.
In this study, we focused on the domain size which could affect the boundary condition and compared the precipitation and wind distribution in the case domain size was smaller than that of control simulation and analyzed the uncertainty. Next, we compared the total deposition amount of 137 Cs. 9 is the comparison of precipitation distribution between the control experiment and the simulation which the domain size is smaller, 81×87. In the Fig. 8 Airborne monitoring result of 137 Cs from MEXT (The la bels were added by the author). result, the distribution in north area was separated into two, and the one moved to the ocean. On the other hand, the other one was left behind. This moving is similar to each other; however there are differences in the amount and the precise distribution. Fig. 10 (a) and (b) are the comparisons of the total deposition amount of 137 Cs between the control experiment and the experiment whose domain size is 81×87. As these figures, diffusion and the peak point of deposition had also uncertainties. These uncertainties in the transport process of the materials are caused by uncertainties in meteorological field.
(2) Uncertainties in tracers
In this section, we analyzed uncertainties in deposition and diffusion process of tracers using 4 cases in Table 1 . Fig. 10 shows the distribution of the total deposition amount in each experiment. In experiment DD01, distribution was changed little, therefore we will not mention this experiment here.
In Fig. 10 , compared with control experiment, in experiment WD10 ((c) in Fig. 10 ), the amount of deposition at the center of the distribution was increased. This is because radioactive particles were easily contained in precipitation by increasing the wet deposition parameter α. In experiment DC12 ((d) in Fig.  10 ), distribution became smaller because diffusion was weakened by increasing DC. These results mean that uncertainties can be appeared in transport processes. The effect of uncertainties can be well recognized in comparison among each experiment. Table 2 and Table 3 are summary of the ratio of dry and wet deposition on the land and the ocean included in the area, at latitude 35°-41° north and longitude 138°-145° east. OB means that the particles are transported outside of the domain.
In experiment SMLD, wet deposition increased. This can be caused by the increase of the amount of precipitation compared to the control simulation because of the uncertainties by changing the domain size which affect the meteorological field. In WD10, the amount of wet deposition of 131 I and 137 Cs significantly increased, however dry deposition was not increased well, consequently the amount of transport to the outside was decreased. In DC12, dry deposition on the land was increased. This can be caused by the weakness of the diffusion because the particles, which were spread widely in control experiment, concentrated in certain area. Moreover, in experiment DD01, the amount of dry deposition of 137 Cs to the ocean was dramatically decreased, on the other hand, other deposition amounts were increased a little. This result shows change of the parameter of dry deposition well affects the deposition processes. There is great variability among each experiment, and it presents how large the effect of uncertainties is.
CONCLUSIONS
As the results presented in Chapter 3, it was well simulated that wet deposition was increased in response to the precipitation from March 21th to 22th. Table 2 The ratio of the amount of deposition of 131 I in each experiment. Therefore, the accuracy in this simulation of radioactive materials transport in advection-diffusion process can be expected well. However, the distribution of tracers has variability depends on uncertainties in the boundary condition and parameters. Especially, the boundary condition affected the precipitation and wind. Consequently, conditions in meteorological field may cause uncertainties in the distribution of tracers. Regarding diffusion simulations, the relation between meteorology and deposition amount should be discussed more not only in IsoRSM but also in other simulation models.
For the improvement of IsoRSM radioactive tracer simulations, realizing higher resolution, reviewing the release amount data of the materials and checking uncertainties should be next tasks. As we discussed, tracing the accurate atmospheric distribution of radioactive materials is still investigational. By simulating in various models, the better methodology for the tracer simulation should be considered.
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